Abstract Prevalence of food insecurity (FI) among Latinos in the United States is almost double the national average. To better understand FI among Latinos, potential risk factors beyond poverty, including acculturation indicators and smoking status, were explored. Cross-sectional data from 6,681 Latino adults from the 1999-2008 National Health and Nutrition Examination Surveys were used. Partial proportional odds (PPO) models were used to estimate associations of FI, including cigarette smoking and acculturation. The PPO models indicated that compared with never smokers, current smokers had significantly higher odds of FI (odds ratios ranged from 1.32 to 1.51 across models). Lower levels of acculturation and poverty and being a younger or middle-aged adult were also significantly associated with FI. Among Latinos, current smoking and low acculturation are important risk factors for FI. Current smoking and low acculturation may exacerbate nutritional deprivation in a population that is already disproportionally affected by poverty and poor health outcomes.
Background
Food security is defined as ''access by all people at all times to enough food for an active, healthy life'' [1] . Thus, limited or uncertain food supply or ability to acquire nutritionally adequate and safe food defines ''food insecurity'' (FI) [1] . The strongest predictor of FI is poverty, but being from an ethnic/racial minority group, having lower educational attainment, and being of younger age are also important determinants of FI [2] [3] [4] . These sociodemographic characteristics are common in Latinos, the youngest and fastest-growing racial/ethnic group in the United States (U.S.) [5] . In 2010, the prevalence of FI among Latino households in the U.S. was almost double the national average (26.2 vs. 14.5 %, respectively) [6] . Because FI is related to a wide range of adverse effects on health and quality of life across the lifespan [4, 7] , this high rate of FI among Latinos is a great public health concern; it is therefore important to understand risk factors associated with FI.
Common chronic diseases such as cardiovascular disease (CVD), cancer, diabetes, and depression, as well as poor general health, are related to both FI and smoking [4, [7] [8] [9] [10] and are also highly prevalent among Latinos in the U.S. [11] . FI is associated with consumption of more energy-dense (high-calorie) and low-cost foods to prevent hunger [4, 12] . These high-calorie foods are often nutrient deficient and high in fat/sugar, and contribute to being overweight or obese and having poor general health [4, 12] . Unhealthy diet and stress related to FI may also lead to the development of CVD, diabetes, or depression [9] . It is plausible that both smoking and poor nutrition, particularly among food-insecure individuals, may contribute to the onset and progression of disease.
The association between FI and acculturation, defined as the process by which immigrants adopt attitudes, values, customs, beliefs, and behaviors of a new culture [13] , is unclear. Some studies have found that low acculturation is associated with FI [14] [15] [16] , although these findings are not consistent [10, 17] . Acculturation is known to be associated with cigarette smoking among Latinas, with smoking prevalence increasing with higher acculturation; however there is little evidence to suggest any association between smoking and acculturation among men [18] .
Previous research indicated that smoking may be related to FI [3, 19] , although this relationship is still poorly understood. A nationally representative study by CutlerTriggs and colleagues suggests that among adults, smoking inside the home was significantly associated with both FI (OR 2.2; 95 % CI 1.6-3.0) and severe FI (OR 2.3; 95 % CI 2.4-3.7) [3] . Similarly, a study by Armour and colleagues reported that among low-income families smoking was associated with a 6 % (P \ 0.01) increased likelihood of FI [19] .
Poverty encompasses different aspects of social and economic deprivation that are strongly associated with both FI [1, 2, 6] and smoking [20, 21] . Latinos in the U.S. have among the highest national poverty rates (26.7 %) of any racial/ethnic group [22] , and smoking is more prevalent among Latino adults living below the federal poverty level (31.1 %) than among those at or above this level (19.4 %) [21] . This is concerning since evidence from the U.S. and abroad suggests that low-income smokers and tobacco-using households are likely to spend a larger proportion of their income on cigarettes than higher-income smokers, and may be diverting some of their income from necessary expenses, such as food, to purchasing tobacco [19, 23, 24] .
Latinos within the U.S. are a vulnerable population who experience a disproportionate burden of poverty and other risk factors that are associated with morbidity and mortality [25] . While the relationship between poverty and FI is well established, to our knowledge, no studies to date have assessed smoking and acculturation as potential risk factors for FI while controlling for poverty status. This analysis aims to provide a deeper understanding of the possible risk factors associated with FI, including acculturation and smoking. We hypothesize that among Latinos, 1) current smoking will be associated with low food security; and 2) those who are less acculturated will show significant associations with low FI.
Methods

Data Source and Participants
This cross-sectional study used data from the 1999-2008 National Health and Nutrition Examination Surveys (NHANES), a nationally representative survey program that assesses the health and nutritional status of adults and children in the U.S. The NHANES is administered by the National Center for Health Statistics, which collected approximately 5,000 in-person surveys annually with 2-year data cycles being reported after 1999. Response rates across iterations were relatively consistent, ranging from 75.4 to 80 %. NHANES oversampled certain population subgroups, including Latinos, to obtain more reliable estimates from these groups. The survey design, which has been described in detail elsewhere [26] , is a complex, multistage, probability-based sample of the civilian, noninstitutionalized U.S. population. The current study restricted the sample to Latino adults 20 years of age and older, resulting in a sample of 6,935 eligible participants. Food insecurity data was missing for 254 respondents who were therefore excluded, leaving a final sample of 6,681 Latino adults.
Measures
Dependent Variable
FI was assessed using the U.S Department of Agriculture's Food Security Survey Module (FSSM), a validated adult food security scale, included in NHANES since 1999, that is the basis for national-level reports of FI [6] . Responses to the 10 FSSM questions about adult food security were categorized into three response levels based on the number of affirmative responses to FSSM questions (Table 1) . Adult food security was defined as follows: full food security (no affirmative response to any of these items), marginal food security (1-2 affirmative responses), and low food security (3-10 affirmative responses) [6] . Full food security was the referent group for this study.
Independent Variables
Smoking status was defined as never, former, and current smoker. Using standard categorizations [21, 27] , individuals who reported that they had never smoked or smoked less than 100 cigarettes during their lifetimes were classified as never smokers (the referent group). Former smokers were defined as participants who smoked at least 100 cigarettes during their lifetimes and were not currently smoking at the time of the survey. Participants who reported smoking at least 100 cigarettes in their lifetimes and smoked either every day or some days at the time of the survey were classified as current smokers.
While NHANES collects information that can be used to create a validated acculturation index based on language, these data were not consistently collected across all survey years, and consequently could not be used in this study. Therefore, language spoken, years in the U.S., and country of birth (nativity) were used as separate measures of acculturation. Although some researchers have assessed acculturation using a composite score [15, 28, 29] and these three measures are correlated, no standard approach has emerged regarding how to best create a composite variable with the measures we had available. Instead, research indicates that assessing individual aspects of acculturation is important since various aspects of acculturation are differentially associated with health outcomes [29] [30] [31] . By testing each of the three chosen acculturation measures in separate statistical models, we can assess which is most strongly associated with FI. Additionally, the acculturation indicators (language, years in the U.S., and nativity) have been found to correlate significantly with more comprehensive acculturation scales [13] , and account for a large portion of the variance in acculturation measures [32] .
Language spoken at home was rated on a five-point scale from ''only Spanish'' to ''only English.'' These five categories were collapsed into three: ''only/mostly Spanish,'' ''both equally,'' and ''only/mostly English'' (the referent). Number of years in the U.S. was divided into five categories: ''less than 5 years,'' ''5-9 years,'' ''10-19 years,'' ''20 or more years,'' and ''born in the U.S.'' (the referent). Finally, nativity was categorized as ''born in Mexico,'' ''born in other Latin American country,'' and ''born in the U.S.'' (the referent).
Covariates
The selection of covariates was theoretically driven and evaluated in bivariate and multivariate ordered logistic regressions. The NHANES sociodemographic variables of interest for this study included sex, age in years, educational attainment, poverty status defined by the poverty index ratio (PIR), marital status, and survey year. Data on other covariates of interest, such as social support and participation in food assistance programs, were only collected from older adults or were not collected consistently across all NHANES survey years and were therefore excluded from analysis. PIR is calculated by dividing family income by a poverty threshold (determined by the U.S. Census Bureau) specific to family size. PIR was used as a continuous variable with a range from 0 to 5. A PIR below 1.00 or 100 % indicates that the income for the respective family is below the official definition of poverty, while a ratio of 1.00 or greater indicates income above the federal poverty level.
Analysis
All statistical analyses accounted for the complex, multistage, stratified, cluster-sampling design of NHANES and were weighted to give population-level estimates. Bivariate analyses (likelihood ratio v 2 and t tests) were conducted to assess for group differences or associations between the dependent variable (FI) and each of the covariates (sex, age, PIR, educational attainment, citizenship, marital status, survey years), as well as the main independent variables (smoking status and acculturation indicators). Variables that were significant (P B 0.05) were retained for inclusion in a set of multivariable models. Educational attainment and citizenship variables were not included in the analyses because they were highly correlated with PIR and years in the U.S., respectively, and thus raised concerns about multicollinearity.
We next conducted multivariable logit regression models for ordinal outcomes using a partial proportional odds (PPO) model because the proportional odds assumption was violated. A strength of PPO models is that they allow the relaxation of the proportional odds assumptions for some or all of the predictors [33] . This method avoids the loss of statistical power and decreased generalizability of our analytic conclusions by retaining the three categories instead of dichotomizing our ordinal outcome [33, 34] . Due to missing data, some demographic categories may not sum to the n indicated in column heading. Percentages may not sum to 100.0 % due to rounding a Likelihood ratio v 2 and t statistics between smoking status and covariates b Percents are weighted Statistical analysis employed a backward stepwise selection procedure that started with the full model and gradually imposed constraints in an iterative fashion using a series of Wald tests and an inclusion criterion of a = 0.05. The model was then refitted with constraints, and the process was repeated until there were no more variables that met the parallel-lines assumption. A global Wald test was then conducted on the final model with constraints and compared to the original unconstrained (full) model to identify the best fitting model [33] . The three acculturation measures were tested in separate models. We also allowed for listwise deletion, and therefore the PPO models were based on a reduced sample (see Table 3 for each model's sample size).
In all the models, we estimated odds ratios (ORs) and their 95 % confidence intervals (CIs). In light of previous research that has revealed a differentiated association of acculturation, sex, and poverty by smoking status [2, 10, 18, 31, 35] , we included interaction terms in our models between smoking and each of the other variables to test their combined effects on FI. Thus, each of the following two-way interactions were tested in separate models: smoking status by each measure of acculturation, as well as smoking status by sex and smoking status by PIR for each measure of acculturation (separate models were created for each acculturation measure). All procedures were conducted using STATA 11.1 (StataCorp, College Station, Texas). Table 2 describes the distribution of the sample's sociodemographic characteristics, smoking status, and acculturation indicators by FI. While more than half of the sample (63.3 %) self-reported being fully food secure, 16.0 % were marginally secure, and 20.7 % reported low food security. Most Latinos were young (56.1 % were age 20-39), U.S. citizens by birth or naturalization (57.0 %), spoke only or mostly Spanish (54.5 %), and had incomes below 185 % of the federal poverty level (60.9 %) or a ratio of 1.85, which would qualify them for various food assistance programs (data not shown).
Results
Sample Characteristics
Latinos with low and marginal food security reported higher rates of current smoking (25.7 and 26.4 %, respectively) than fully food-secure Latinos (19.7 %). Latinos who spoke only or mostly Spanish made up 66.5 and 63.8 % of Latinos with low and marginal food security, respectively, whereas 48.1 % of fully food-secure Latinos spoke only/mostly Spanish. Compared to fully food-secure Latinos, a lower proportion of Latinos with low food security were born in the U.S., had some college education or more, were U.S. citizens by birth or naturalization, and lived in lower-income households (as indicated by the PIR). Men and women were nearly equally represented in each of the three food categories and more than half of the sample was married (58.4 % among fully food secure and 52.9 % among low food secure).
Multiple Partial Proportional Odds Models
The results of the adjusted multiple PPO models are presented in Table 3 (Model 1 = language, Model 2 = years in the U.S., Model 3 = nativity). Across the three models and compared to never smokers, current smokers had significantly higher odds of being marginally or low food secure versus being fully food secure (OR & 1.50). In contrast, when comparing full or marginal food security versus low food security, only Model 1 showed that current smokers had higher odds of low FI compared to never smokers (OR = 1.32; 95 % CI 1.11-1.57).
Regarding the acculturation indicators, Latinos who spoke only or mostly Spanish (Model 1: OR 1.24; 95 % CI 1.07-1.43) and those living in the U.S. between 10 and 19 years (Model 2: OR 1.32; 95 % CI 1.03-1.68) had higher odds of FI compared to Latinos who spoke only/ mostly English or were born in the U.S. For Model 3 (nativity), only Latinos born in Mexico had higher odds of being food insecure than Latinos born in the U.S., but the result did not reach significance (Model 3: OR 1.23; 95 % CI 0.99-1.53). Poverty and being a younger or middle-aged adult (age 20-59) were strongly associated with being food insecure across all models.
No significant relationship was found between sex and food security in any of the models. Separate models assessed interactions between each of the acculturation indicators by smoking status, as well as sex by smoking status and PIR by smoking status with each respective measure of acculturation, but none of these interaction terms was found to be significant (data not shown).
Discussion
This research suggests that cigarette smoking is associated with FI among Latino adults in the U.S., a finding that has been previously demonstrated internationally and in the general U.S. population [3, 19, 23, 24] . Our results showed that current smokers had higher odds of being food insecure compared to never smokers. These findings suggest that being a current smoker may contribute to nutritional deprivation in a population that is already disproportionally affected by poverty and poor health outcomes. One potential explanation for this association is that smokers divert economic resources from food to purchase cigarettes [19, 23, 24] , which suggests that smoking cessation could help improve food security. However, more complex relationships may be at work. Other factors may moderate the association between FI and smoking, such as stress related to FI and poverty or an increased difficulty with smoking cessation among those who are food insecure [36, 37] . It is also possible that food-insecure people smoke to curb their appetites. While the correlate results of this study highlight an association between FI and smoking, additional research is needed to further elucidate this relationship.
Latinos face many socioeconomic disadvantages [25] that are associated with smoking, such as poverty, discrimination, and lower educational attainment [10, 20] . As expected, we found that poverty was an important predictor of FI. In addition to its direct effect on FI, poverty is a major psychosocial stressor and a strong predictor of smoking behavior and lower cessation rates [36, 37] . The combined effects of smoking, FI, poverty, and other underlying associated factors could contribute to or further complicate diseases related to smoking and FI, including CVD, diabetes, and cancer [4, [7] [8] [9] [10] 12] .
We found that acculturation is associated with FI among Latinos, although this relationship varied depending on the measure of acculturation. Less acculturated Latinos-as defined by those who speak primarily Spanish, and those living in the U.S. for 10-19 years-showed significant associations with FI when compared to highly acculturated individuals. These findings, consistent with previous studies, suggest that the language barrier could be one factor affecting Latinos' abilities to find well-paying employment, or to access and navigate public assistance programs that could help relieve FI [14, 38] .
Our results show that Latinos living in the U.S. for 10-19 years had higher odds of FI than Latinos born in the U.S., but there was no significant relationship between FI and living in the U.S. less than 10 years. Explanations for this finding are not readily apparent and could not be discerned given the nature of the NHANES survey and dataset. Further research is needed to confirm and clarify this finding. It is possible that using ''years in the U.S.'' to measure acculturation may not sufficiently capture the relationship between acculturation and FI compared to other aspects of acculturation such as language. Previous (albeit limited) research has noted that years in the U.S. and FI were not related [39] , although, similar to our study, they do detect a relationship between language proficiency and FI [14] [15] [16] 39] . By evaluating indicators of acculturation separately we assessed how specific components of acculturation relate to FI [30] . In addition, the assessment of individual indicators of acculturation may be useful for the development of tailored public health interventions for Latinos. For instance, our study found that language spoken might be a better predictor for FI than nativity, and therefore intervention efforts to alleviate FI may be most effective by targeting Latinos that speak primarily Spanish.
Our study was subject to the following limitations: First, the cross-sectional nature of NHANES does not allow us to determine causal inferences between FI, acculturation, and smoking status. Longitudinal studies are needed to examine the temporal relationships between FI, acculturation, and smoking. Second, we cannot rule out unmeasured confounding due to factors we could not adjust for in the models that may be associated with FI, smoking status, and acculturation, such as food and nutritional assistance programs. Third, acculturation is a complex and multidimensional phenomenon. Although the proxies used in the study are important indicators of acculturation, they do not capture all the dynamics of this process. Lastly, we acknowledge that Latinos are a heterogeneous group with important differences in socioeconomic status, smoking rates, and, possibly, levels of FI. Because this information is crucial to tailoring smoking cessation and FI interventions, future research is warranted.
New Contribution to the Literature
In summary, the current study found that smoking and low acculturation predicted a higher prevalence of FI among Latinos. Smoking and FI can take a heavy toll on health. Considering that Latinos are the youngest and fastestgrowing racial/ethnic group in the U.S., further research in this area will be of great public health importance. This study provides an initial effort to address some of the potential roots of health inequities related to FI and smoking among Latinos. Tobacco control researchers and the public health community at large should consider coordinating efforts with other public and social policy sectors to realize the shared benefits of an integrated approach to reducing FI and smoking in this vulnerable population.
